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LETTER  OF  TRANSMITTAL. 

Dr.  EuGhN^E  Haanel, 

Director  Mines  Branch, 

Department  of  Mines,  Ottawa. 

Sir, — 

I  beg  to  submit  herewith  the  final  report  on  the  results  of  tests  of 
several  Canadian  sandstones,  as  to  their  suitability  for  use  as  pulpstones. 

I  have  the  honour  to  be. 
Sir, 
Your  obedient  servant, 


Ottawa,  August  20,  1917. 


(Signed)  L.  H.  Cole. 
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TEST  OF  SOME  CANADIAN  SANDSTONES  TO  DETER- 
MINE THEIR  SUITABILITY  AS  PULPSTONES. 
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INTRODl  CTORY. 

The  Croat  War  has  flenionstratid  to  Canadians  the  pressin;,'  need  of  a 
more  vij^dnnis  invistinaiion  and  i  spli.iiation  ni  the  natur.il  resources  of  the 
country,  with  a  \iew  to  supph  inn  -''i'  Kfowinj;  industries  with  raw  materials 
and  thi  iacturies  wiili  appliances,  etc.,  coniniodilies  which  h.ive,  heretofore, 
lieen  largely  imported.  Tiie  need  is  all  the  greater  when  it  is  considered 
that,  e\(n  after  the  war  is  over,  it  will  he  a  nunilier  of  years  before  it  will 
be  fe.;  iMe  to  import  go(ids  fn.in  eilher  Cre.it  I5ritain  or  the  United  States 
at  an>tliinK  like  the  freii.;ht  rates  ayd  [tricis  which  existed  prior  tt)  tlie  war. 
In  niai  y  c.isi_s  it  has  already  been  found  that  Canada  contains  materials 
within  her  Ixirders,  which  have  bien  pnjwd  by  examination  and  test,  to 
le  in  every  way  the  equal,  in  (|uatiiy  and  adaptability,  of  the  imported 
prod  IK  1 ;  and  which,  in  many  cases,  can  be  pruducid  at  a  considerably  less 
cost  than  the  original,  pre-war  cost  of  the  imported  article. 

Willi  a  view  to  determining  whether  (^mailian  Sandstones  would  not 
lie  suitable  for  use  as  wood  |>ulp  grinders,  the  writer  was  instructed  by  the 
Director  of  the  Mines  Branch,  Ott.iw.i,  to  investigate  certain  sandstone 
areas  in  the  Maritime  I'ro\inces  and  other  parts  of  eastern  Canada;  to 
procure  samples  from  such  as  ai)pearnl  promising;  to  test  the  same; 
and  to  prepare  a  report  on  the  results  obtained.  It  was  conceived  that  two 
purpose.-  would  I>e  served  by  such  an  investigation:  (1)  to  locate  a  Canadian 
source  for  supplying  pulpstones  to  the  pulp  mills,  to  make  up  for  the  serious 
shorta.c^e  caused  by  the  im[Mi-.-i!)ility  of  I'ljtaming,  at  reasonable  prices, 
stone-  from  Great  Britain  and  the  Cnitei!  States;  and  (2)  to  suggest  to 
the  sandstone  quarry  owners,  a  po--ibIe  m.isket  f(jr  their  product,  and  thus 
encoiir.ige  and  as.-ist  a  coniparati\<  K-  new  branch  of  the  industry  in  Canada. 

The  following  re{)ort  is  the  result  of  the  investigation  and  tests. 


PCLPSTONES. 

In  order  that  intending  producers  of  grinding  stones  may  have  some 
technical  idea  of  the  work  ruiiiircd  from  a  stone,  and  the  >tresses  and 
strain  to  which  it  is  subjected  when  in  actual  op  ration,  the  following 
brief  dt  scription  is  given  of  the  process  of  manufacturing  wood  pulp. 

The  mechanical  process  of  producing  cellulose  fibres  for  paper  making, 
consists, —  .fir  cutting  the  wood  into  short  lengths  or  bolts,  and  removing 
the  bark~<)f  grinding  the  wood  into  a  fine  pulp  fibre  by  means  of  a  large 
rotating  stone.  To  obtain  as  long,  thin,  and  flexible  a  fibre  as  possible, 
the  wood  bolts  are  pressed  against  the  curved  face  of  the  stone  with  their 
longitudinal  axis  parallel  to  the  shaft  turning  the  stone.  The  bolts  are 
held  against  the  stone  by  hydraulic  pressure,  applied  by  means  of  plungers. 
Hgs.  1  and  2,  show  two  diagrammatic  views  of  a  standard,  3-pocket,  pulp 
grinder.  The  wood  bolts  are  fed  into  the  three  pockets,  hence  there  are, 
at  the  same  time,  three  grinding  points  on  the  stone.     Machines  of  this 


typ*  employ  stones  varying  from  26"  to  34"  thick  and  54"  diameter 
standard  size  is  27"  by  54" — as  shown  in  Fig.  J. 


The 


The  stresses  to  which  a  stone  in  a  machine  of  this  type  is  subjected, 
can  readily  be  seen.  The  centrifugal  force  of  the  rotating  stone;  the 
friction  on  the  grinding  face  caused  by  the  pressing  of  the  bolts  on  the  surface 
under  heavy  pressure;  the  pressure  on  the  sides  of  the  stone  by  the  flanges 
which  hold  it  to  the  shaft — including  the  driving  force;  and  the  expansion 


and  contraction  strains,  due  to  the  untvi-n  heating  ol  the  stone  by  the  heavy 
friction:  thus,  the  coinplicaled  ii.iturc  of  the  stresses  which  a  stone  has  to 
withstand  can  readily  l)e  im,ii;ined.  With  a  magazine  grinder —which 
employs  a  stone  54"  thick  by  62"  di.imeter,  the  stresses  are  still  further 
complicated,  since  only  two  jMukets  are  employed,  and  these  are  directly 
opposite  each  other.  In  this  ca-e,  an  extra  >lress  i;,  developed,  due  to, 
the  pressure  of  the  lK)lts  on  i)ppo>iie  >ides  of  the  stone.  At  any  moment 
of  the  stone's  rotation,  there  is  .i  teiidencv  for  the  sha|H'  of  the  stone  to  be 
somewhat  altered  and  a.ssumt — due  to  this  Literal  pressure  on  each  sidi- — 


•3 
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Ftg.  2. 


Wood  grinder,  sectional  elevatioa  showing  method  of  securii.3  stone  oa 
shifting. 

the  form  of  an  ellipse,  with  the  longer  axis  vertical.  This  causes  the  develop- 
ment of  tension  in  certain  parts  of  the  stone;  while  other  parts  are  subjected 
to  compression.  As  the  stone  is  rotating  at  a  rapid  rate,  that  part,  which 
one  moment  is  in  compression,  passes  rapidly  into  tension,  and  vice  versa. 
Consequently,  any  part  of  the  stone  is  constantly  alternating  from  one  to 
the  other,  as  well  as  being  subjected  to  the  strains  and  stresses  already 
mentioned. 


The-  six'cd  at  which  thi-  stone  i-.  rol.iud  will  vary  in  difTenni  mills 
hut  will  Kcnirally  ranKf  from  200  to  22S  R.I'.X!.,  while  the  prcsMirr  in  thi- 
cylindirs  will  vary  from  60  to  125  Ib^.  (kt  M|u.iri'  inih.  The  8tonf>.  rinnc 
in  weij;ht  from  2  to  4  ton;,.  From  i\\v>v  linnn's  it  will  rtadily  b«'  sun  to 
what  iiiormoiis  strain.,  the  stoni-s  an-  MihjtiK  d. 
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Fig.  3.     I'ulp-tone  27"  X  54". 

The  life  of  i  good  stone  seems  to  be  alwut  one  year,  and  in  this  time 
it  will  wear  from  54"  down  to  40"  diameter. 

PROPERTIES  OF  A  GOOD  STONE. 

There  are  several  essential  qualities  which  a  sandstone  must'have  in 
order  to  be  accepted  as  a  good  pulpstone ;».<■.,  texture,  grinding  qualities, 
and  strength. 

Texture 

In  order  to  produce  long,  thin,  and  flexible  fibre,  the  stone  must  tear 
the  fibres  apart,  rather  than  cut,  hence  a  sandstone  in  which  the  grains  are 
slightly  rounded  on  the  edges,  will  give  better  results  than  one  whose 
particles  are  ragged  and  angular.  On  the  other  hand,  a  sandstone  with 
grains  perfectly  rounded,  will  tend  rather  to  polish  than  to  cut,  and  will 
produce  a  pulp  that  is  very  greatly  inferior  both  in  length  of  fibre  and  thick- 
ness to  that  produced  by  a  sandstone  wl*'\  sub-angular  grains. 

Moreover,  the  size  of  the  grains  to  be  taken  into  consideration. 

If  the  grains  are  coarse,  the  stone  wi     ^t  faster,  and  produce  more  pulp 


thin  when-  the  srain  w  finer;  but  the-  pulp  prndiuwl  in  the  former  c.iw*  »  of 
pc.w  cr  tjuality  and  coarser  ti-xfun-  than  wht-n  a  finer  Kraininl  stono  iit 
employed.  Tlius  the  size  of  Kfairi,  as  will  a.s  its  angularity,  .iru  lioth 
ptiint!)  to  be  considered. 

Grinding  Qualities. 

In  order  that  a  stone  may  have  good  ({rindintj  rjualiiies  the  >»fructurc 
of  the  material  should  be  such,  th.it  the  m.itrix  or  coiistitutiit  fH)ndinK'  the 
grains  together  is  softer  than  the  sand  j;r.iins.  Bt  ing  softer,  the  matrix 
will  wear  away  faster,  and  the  sami  ufains  (iroject,  leaving  the  surface  of 
the  stone  rouKheneil.  The  stone  should  '  'f  uniform  comix>sition  and 
hardness  throughout,  otherwise  it  will  wear  unevenly  and  thus'  reduce  its 
effectiveness.  If  a  stone  n  too  hard,  it  is  li.ible,  apart  from  lufting  and 
tearing  the  fibres,  tc  polish  sm(X)tli,  and  retiuin-  frequently  to  have  a  fresh 
grinding  face  turned  on  it.  On  the  other  hand,  if  it  is  too  soft,  it  will  wear 
rapidly  and  produce  less  pulp  than  a  stone  of  average  hardnes.^. 

Strength. 

As  already  explained,  a  pulpstone  is  subjected  to  considerable  stresses 
and  strains,  therefore  it  should  be  of  sulVicient  strength  to  withstand  thene 
strains,  and  •  ive  a  considerable  factor  of  ?,^fj'ty. 

In  brielly  summing  up  the  (lualities  of  a  goml  pulpstone,  it  may  be 
laid  down  that  a  sands.one  used  for  'his  purpo.t^e,  nuist  be  uniform  in  texture 
throughout;  have  g.ains  of  angular  to  semi-angular  form  cemented  together 
by  a  softer  matrix;  have  sufficient  strength;  must  be  of  medium  hardness; 
and  the  cutting  grains  must  be  of  a  size  suitable  for  producing  the  gr;»de  of 
pulp  required. 


CANADIAN  SANDSTONES. 

In  the  field  work  in  connexion  with  an  investigation  of  this  nature 
there  are  several  important  points,  apart  from  the  characteristics  just 
enumerated,  which  have  to  be  taken  into  consideration  when  examining 
a  possible  locality  for  the  quarrying  of  pulpstones.  A  stone  may  fulfil 
all  the  physical  requirements  of  a  good  pulpstone,  yet  may  be  lacking  in 
the  following  features,  any  one  of  which  would  bar  it  from  being  employed. 
The  points  may  be  enumerated  briefly  as  follows; — 

(1)  A  quarry  must  be  situated  convenient  to  either  water  or  rail 
transportation. 

(2)  The  beds  must  be  of  sufficient  thickness  and  free  from  joint  planes 
to  enable  stones  of  the  required  size  to  be  excavated  with  the  least  trouble 
and  waste. 

(3)  The  quarry  must  contain  enough  stone  of  the  proper  thickness 
and  uniformity  to  warrant  operations  being  carried  out  on  a  sufficiently 
large  scale. 


(4)  1'hi'  rock  whtn  Irohiy  c|uarrH-(i  miiKt  Im-  of  MUch  a  nuturr  an  to 
i-iidMe  it  lo  In'  iM><ily  chi|>|Nil  ami  turned  into  the  pro(Kr  tlinu  ii>ii)nx  and 
also  harden  on  U'inK  cxiioM'd  and  M-aKoiii'd  for  a  rt-asonablc  lenKth  of  linu*. 

It  ran  .ladily  Ik*  M'ln  that  the  localitieii  which  would  fulfil  all  ihcae 
rcquiriimnts  would  naturally  not  \h-  very  numerous,  and  in  the  field  work 
this  provi'd  to  be  tin-  (.ise.  The  inveHiiK.ition  was  confin  -d  to  the  ea^^tern 
part  of  Ontario,  and  certain  sectionst  in  the  province  of  Quel)fc  and  the 
Maritime  F'roviiuvst.  A  brief  de««cription  U  jjiven  of  each  of  the  localities 
from  wliith  M.uuple>i  uire  taken. 

LOCALITIES  VISITED  AND  SAMPLKD. 

ONTARIO. 

In  the  rirovincv  of  Ontario  there  are  fi  w  (Hcurrence>.  of  sandstone  which 
Would  l>e  a.  nil  suitable.  The  Potsdam  sandstone  which  is  tiie  most  abund- 
ant sandstonj-  formation  in  the  eastern  part  of  the  province  was  found  to  bi- 
cither  too  hiird  or  else  Iik>  friable  and  in  Iwds  badly  fractured.  Only  one 
locality  was  deemed  worth  sampling. 

J.  C.  HIgginson  Quarry,  Hawkesbury,  Prescott  County,  Ont. 

On  the  ea.stern  outskirts  of  the  town  of  Hawkesbury,  Out.,  mar  the 
CNR.  Station,  an  outcrop  of  sandstone  of  the  C'hazy  formation  is  being 
quarried  for  use  as  road  material  and  buililiPK  purposes.  The  f|iiarr" 
presents  in  places  a  face  of  f)feet,  the  upper  three  feet  fieing  thinly  liedilid 
and  badly  shattered,  but  the  lower  bed  is  in  some  places  fully  three  feet  in 
thickness.  According  to  Dr.  Parks  report'  a  well  in  the  vicinity  shows  that 
the  deposit  is  fully  50  feet  in  thickness.  A  sample  from  the  quarry  was  taken 
and  tested.     (Sample  No.  1.'.) 

QUEBEC. 

Il  the  province  of  Queln-c,  in  the  area  lying  southwest  of  Montreal, 
between  the  St.  I^wrence  river  and  the  international  boundary  line,  a 
number  of  outcrops  of  Potsdam  sandstone  were  examined  but  no  material, 
suitable  for  pulpstones  was  encountered. 


THE  MARITIME  PROVINCES. 

The  Carboniferous  system  which  contains  numerous  beds  of  sandstone, 
principally  in  the  Permo-Carboniforous  and  Millstone  Grit,  is  well  developed 
in  the  Maritime  Provinces  and  since  the  quarries  already  opened  in  these 
measures  show  ^  hJs  of  considerable  thickness,  it  was  in  localities  where 
these  formations  occur  that  the  most  time  was  spent.  In  all,  about  25 
localities  were  visited,  but  as  many  of  these  could  nc*  possibly  produce 
stone  suitable  for  pulpstone,  only  those  from  which  <=imples  were  taken  for 
testing  will  be  descrifx'd. 

>  Report  on  Buiiding  and   Ornammtal  Stone*  oT  Canada,  Vol.  I,  No.  100.     By  Dr.  W.  A.  Parka.     Pub- 
IWMd  bx  Minea  Branch.  Oept.  of  Mwea.  Otuwa.  1912. 
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Read  Stone  Company,  Sackville,  N.B. 

Stunehavcn  Quarries. 
These  quarries  are  situated  on  the  south  shore  of  Chaleur  bay  at 
Stonehaven,  in  the  parish  of  New  Brandon,  Gloucester  county.  The 
beds  are  exposed  Uk  a  depth  of  about  70  feet,  the  lower  15  feet  of  tlie  excava- 
tion being  below  the  high  water  level  of  the  bay.  This  has  nece.s.sitated  the 
buildinK  of  dams  to  keep  out  the  water.  This  work  entail;;  heavy  expendi- 
ture, and  would  probably  be  a  material  factor  in  the  coj-t  of  e.xcavatins;  the 
stones.  The  lower  beds  from  which  the  sample  was  taken  have  a  total 
thickness,  in  places,  of  15  feet,  which,  however,  is  divided  into  la>ers  fn^m 
1  to  3  feet  in  thickness,  so  that  it  is  doubtful  if  any  Kreat  number  of 
stones  of  27"  face  could  be  obtained  from  this  (|uarry.     (Sample  \o.  10.) 

Adam  Hill  Quarry,  Cassils  P.O.,  N.B. 

This  quarry  is  not  in  operation  at  the  present  time  and  the  lower  beds 
could  not  be  examined  owing  to  their  being  under  water.  T  le  quarry  is 
situated  on  the  north  bank  of  the  northwest  arm  of  the  Miraniichi  river, 
about  9  miles  from  Newcastle,  N.B.  The  products  are  shipper!  down  the 
river  by  barge  to  Newcastle,  N.B. 

The  beds  are  not  uniform  in  character  throughout  the  quarry  and 
vary  from  6  inches  to  4  feet  in  thickness.  Some  of  the  beds  contain 
"bulls"  and  coarse  streaks  which  would  bar  their  u.se  for  pulpstones,  but 
there  are  parts  of  certain  beds  which  would  yield  blocks  of  the  required 
size.  The  sample  for  testing  was  taken  from  one  of  the  larger  and  more 
uniform  beds.     (Sample  No.  3.) 

The  Miramichi  Quarry  Co.,  Ltd.,  Quarryville,  N.B. 

R.  Geo.  Hood,  President  and  Managing  Director. 
Head  Office, — 10  Richmond  Square,  Montreal,  Que. 

The  property  owned  by  this  company  extends  from  the  north  shore 
of  the  Miramichi  river,  a  little  over  a  mile  along  the  west  side  of  Indian- 
town  brook.  The  quarry  is  opened  for  a  length  of  nearly  300  feet  and  has 
been  worked  back  from  the  edge  of  the  creek  for  a  depth  of  nearly  200 
feet.  The  total  height  of  the  face  above  the  level  of  the  creek  is  about  100 
feet  and  the  following  is  an  average  section : — 
10-12  feet.      Stripping. 

Layers  of  sandstone  varying  from  2  to  7  feet  thick.  Some 

of  these  beds  are  shattered  but  a  considerable  quantity 

of  blocks  of  suitable  size  for  pulpstones  could  be  obtained 

from  them. 

Medium  grained  stone  with  joint  planes  10  feet  apart. 

Badly  shattered  section  with  shale  and  coal  seams. 

Medium  grained  stone  with  joint  planes  10  to  12  feet 

apart. 
20  feet.      Covered  with  talus  and  broken  rock. 


44  feet. 


11  feet. 

2  feet. 

10  feet. 
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The  LcL,  vary  somewhat  in  texture,  and  t(  nd  t<j  be  coarser  towards 
the  b(Utoni.  Some  of  the  beds  show  the  [)re.ence  of  "bulls"  whi.-h  cun-isi 
ot  the  Mono  hardened  by  local  crystallization;  in  some  cases  the  partings 
are  filled  with  mud  or  carbonaceous  material,  which  also  occasionally  occurs 
in  then  veinlets  thniiigh  the  beds.  iVoni  the  whole,  however,  with  careful 
selectinn.  a  large  l.uinaKe  of  stone  could  be  obtained  of  suitable  dimensions 

This  quarry  is  alread.v  etiuipped  with  the  necessary  apparatus  for 
pn'parniK  pulpstones  and  has,  moreover,  been  manufacturing  these  stones 
in  a  small  way  for  the  past  15  <,r  20  years.  The  stones  from  this  quarry 
have  bet  n  used  m  sexeral  of  the  Canadian  pulp  mills  and  have  apparently 
K'ven  satisfaction  for  the  class  of  work  for  which  they  were  employed 
The  samf.le  for  testing  was  taken  from  the  lowest  l)e<i  exix.sed.  (Sample 
No.  4.)  ■        ' 

Read  Stone  Company,  Sackville,  N.B. 

Indianlo'ivn  Quarry,  QuarryiiU,',  A'./i. 
This  (|uarry  has  been  opened  within  the  last  coupleof  years,  but  already 
a  faci'  of  30  feet  high  is  exposed.  The  property  is  situated  on  the  east  side 
of  Indiantown  brook,  directly  opposite  the  quarry  of  the  Miramichi  Ouarry 
Co.  Ai,  arently  the  top  beds  e  iposed  in  the  latter  quarry,  arc  rlii.ssing 
in  this  cpiarry  and  consequently  only  the  thicker  beds  are  exposed.  This 
stone  IS  very  similar  in  texture  and  composition  to  that  which  is  found  in 
the  lower  beds  of  the  Miramichi  quarry.  The  sample  for  testing  was  taken 
from  tlie  lowest  beds.     (Sample  No.  5.) 

Toirybum,  N.B. 

An  outcrop  of  sandstone  occurs  at  tide  level,  on  the  shore  of  Kenne- 
tecas|is  bay,  to  the  west  of  HasCng's  cove,  and  north  of  Torryburn  station 
on  the  Canadian  Government  Railway  line  from  St.  John  to  Moncton 
I  his  outcrop  rises  to  a  height  of  about  20  feet  at  a  distance  of  50  yards 
from  the  shore.  The  rock  is  exposed  a  distance  of  about  300  feet 
along  the  ehore,  and  the  oeds  have  an  average  dip  of  approximately  35°  to 
the  southwest. 

No  cjuarrying  has  been  done  on  this  outcrop,  hence  no  idea  can  be 
obtained  as  to  whether  blocks  of  sufficient  size  for  pulpstones  could  be 
quarried.  The  rock  varies  in  character  in  different  parts  of  the  expoMire- 
from  a  badly  shattered  stone  spotted  with  iron  stains,  through  a  medium 
grained  gritty  stone  fairly  clean  and  uniform,  to  a  compact,  close-grained 
and  very  brittle  rock  which  is  practically  a  (juartzite.  The  outcrop  extends 
about  200  yards  back  from  the  shore.  Similar  rock  outcrops  about  \  to  J 
of  a  mile  inland.  The  sample  for  testing  was  taken  from  the  medium 
grained  gntty  stone  at  the  shore.     (Sample  No.  6.) 

C.  W.  Dean  Property,  Adamsville,  N.B. 

This  property  was  not  visited  by  the  writer,  hut  the  sample  for  testing 
was  furnished  by  Mr.  Dean,  who  refers  to  this  occurrence  as  follows:— 


I'l  All     l\. 
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Th»  Mmplp  ii «  pifce  picked  up  from  a  ilide  which  occurred  last  summer. 

The  bed  ref.-rred  to  ll  of  immense  iiie;  tlieri;  are  tlinx  layers  lotallirDi  .'0  fr  t    hinh .  also  sererdl    layers 
not  §0  thicic;  the  total  depf>sit  measures  at  least  5<l  fevt  hi«ii  m  d  eiti-iuis  over  the  wli..Ie  diltrii  I. 

The  outcrop  is  on  the  branih  n(  the  ("<a1    Draucli  river,  which  would  alTord  an  excellei.t  .lum;>    (or  the 
watte  rock  and  soil  of  which  there  is  only  about  4  feet. 

Therr   Is    ni    dcuht  as    to    si  ttlnK    aioiu'i   of   the   required  dimeiuions;  I  ciiasuMi  iw..  hoiks  as 
foiltiwi"; 

4(1"  l,y  (i<i"by  130". 
40"  by  32"  by  70". 

From  Mr.  Dean's  description  it  would  appear  thai  rock  of  .-^ullicient 
size  for  pulpstones  in  a  considerable  quantity  can  be  obtained  fruin  lliis 
locality.     (Sample  No.  12.) 

Smith  Quarry,  (Dr.  E.  G.  Smith),  Shediac,  \.B. 

The  Smith  quarry  is  situated  to  the  south  of  the  Canadian  Govtrniiient 
Railway,  about  a  mile  west  of  Sh.ediac  station.  The  quarry  is  opeiud  up  for 
a  distance  of  about  200  feet  alonj;  the  east  bank  of  the  Shediac  ri\er,  and 
has  been  worked  back  from  the  river  for  a  depth  of  100  feet.  The  face  at 
present  is  over  75  feet  IiiKh.  Only  the  lower  beds  are  of  sufficient  thii  kness 
to  furnish  blocks  of  suitable  size  for  the  manufacturing  of  pulpstones.  '1  he 
rock,  however,  is  very  uniform  throughout,  and  like  all  the  other  san(l.--toncs 
of  the  Maritime  Provinces  has  the  quality  of  working  readily  when  green, 
and  hardening  remarkably  on  being  seasoned.  The  sample  for  testing 
was  taken  from  the  lower  beds.     (Sample  No.  7.) 

Valentine  Hickey  Property,  Stake  Road  P.O.,  N.S. 

About  one  mile  to  the  nonh  of  Stake  Road  P.O.  on  the  farm  of  X'alen- 
tine  Hickey  there  is  an  outcrop  of  sandstone  about  3  feet  thick  dipping 
about  60°  to  the  south.  The  stone  as  far  as  could  be  seen  was  very  uniform 
in  character,  but  little  could  be  told  concerning  the  deposit  owing  to  only 
a  small  portion  of  the  beds  being  exposed.  A  sample  was  taken  for  testing. 
(Sample  No.  8.) 

Morristown  Quarry,  Antigonish,  N.S. 

The  sample  from  this  quarry  was  furnished  for  testing  by  Mr.  A.  R. 
Chambers  of  New  Glasgow,  N.S.,  and  the  property  \\as  not  visited  by  the 
WTiter.  This  quarry  is  situated  on  the  Bay  of  St.  George  near  the  Morris- 
town  wharf.     (Sample  No.  11.) 

In  all  the  above  i..entioned  localities  in  the  Maritime  Provinces,  the 
freshly  quarried  rock  is  comparatively  soft,  but  hardens  rapidly  on  exposure 
to  tlie  air.  This  greatly  les.sens  the  cost  cf  p.oduction  as  it  enables  the 
blocks  to  be  chipped  and  shaped  with  comparative  ease. 

METHOD  OF  MANUFACTURING  PULPSTONES. 

The  preparation  of  a  pulpstone  for  the  market  retiuires  very  little 
machinery.  The  block  after  being  quarried  in  a  sufficient  size,  is  roughly 
chipped  and  chiselled  with  a  few  inches  to  spare  on  all  dimensions.  The 
hole  through  the  centre  for  the  shafting  is  then  cut,  and  t.  e  stone  placed 
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on  a  4  to  6  inch  shafting,  belted  to  some  driving  power.  The  stone  is 
firmly  fastened  to  this  shaftins  by  means  of  large  flanges,  and  revolved 
rapidly.  Then,  a  large  shaping  chisel  is  pressed  against  the  face  turning 
it  to  the  required  size:  an  operation  similar  to  wood-turning  on  a  lathe. 
When  finished,  the  stone  is  stored  and  allowed  to  "season,"  preferably 
for  a  >\Mr.  When  shipping,  it  is  prefirahle  to  crate  the  stone  to  prevent 
the  cutting  face  from  heinp  chipped  and  damagerl. 

TESTS  TO  WHICH  S.AMPLES  WERE  SUBJECFEI). 

Ill  an  investigation  of  this  nature  it  is  not  practicable  to  obtain  full 
size  working  specimens  and  to  watch  their  I)ehavi(,ur  under  actual  working 
conditions.  This  method  naturally  would  be  the  best  way  to  determine 
whether  a  sandione  is  suitable  for  pulpwood  grinding.  Much  information 
of  value,  however,  can  be  gained  from  tests  made  on  small  specimens  in 
the  laboratory,  and  from  the  results  obtained  one  can  readily  determine 
whether  a  sandstone  would  be  worth  testing  out  on  a  full  sized  stone. 

In  order  to  obtain  comparative  results  of  value,  seven  pieces  of  imported 
pulpstones  which  had  been  used  and  had  proved  satisfactory,  were  obtained 
from  three  Canadian  pulp  companies,  and  these  samples  were  submitted 
to  the  same  tests  as  were  the  samples  obtained  from  Canadian  localities. 
By  taking  the  average  results  obtained  from  the  imported  stones  and 
comparing  the  results  obtained  for  the  Canadian  samples  with  this  average, 
an  idea  as  to  the  value  of  the  Canadian  material  for  this  purpose  can  be 
obtained.     The  tests  to  which  the  samples  were  subjected  were: — 

Granulometiic  Analysis. 

A  small  portion  of  each  sample  was  carefully  crushed  by  hand  in  an 
earthenware  mortar,  great  care  being  exercised  so  as  not  to  crush  the  sand- 
stone grains,  and  yet  not  to  leave  any  group  of  grains  still  cemented  together. 
When  the  sample  was  broken  down  completely  into  its  original  individual 
grains,  100  grams  was  weighed  out  and  screened  through  a  set  of  Tyler 
Standard  Screens.  The  results  obtained  from  this  test  give  one  an  idea 
of  the  texture  of  the  stone  with  regard  to  the  size  of  grain.  The  test  is 
carried  out  as  follows : — 

The  100  gram  sample  is  placed  in  the  coarsest  screen,  which  is  nested 
mto  the  next  size  finer,  and  so  on  down  to  the  200  mesh,  and  retaining 
pan  on  bottom.  The  nest  of  screens  is  then  thoroughly  shaken  on  a 
mechanical  shaker:  the  material  retained  on  each  screen  being  collected, 
weighed,  and  noted.  The  sample  in  the  first  place  being  100  grams,  the 
weight  recorded  as  retained  on  each  screen  is  the  percentage  retained  on 
that  screen;  and  the  cumulative  per  cent,  or  the  percentage  of  all  the 
material  that  would  be  retained  on  any  given  screen,  if  that  screen  alone 
were  employed,  can  readily  be  determined.  The  screens  for  this  test  and 
the  form  used  for  tabulating  the  results  are  as  follows. — 
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Indicate  the  screen 

SCREEN  SCALE  RATIO  1414 

WEIGHTS 

crushed  through 
and  also  first 

Openings 

Meoh 

Diameter 
Wire. 
Inches 

1 
1 

Per  cent 

retaining 
screen 

Inches 

Milli- 
metres 

Sample 
weights 

Per  cent 

Cumula- 
tive 
Weights 

1050 
•742 
•525 
■371 
■263 
•185 
•131 
•093 
•065 
•046 
•0328 
•0232 
•0164 
•0116 
•0082 
■0058 
•0041 
■0029 
•0029 

26-67 

18-85 

13-33 

9-423 

6-680 

4-699 

3-327 

2-362 

1-651 

1-168 

-833 

•589 

•417 

•295 

•208 

•147 

•104 

•047 

•047 

3 

4 

6 

8 

10 

14 

20 

28 

35 

48 

65 

100 

150 

200 

200 

-149 

-135 

-105 

-092 

-070 

-065 

-036 

■032 

-035 

-025 

-0172 

-0125 

•0122 

•0092 

•  0072 

•  0O42 
•0026 
•0021 
•0021 







Pass 

Totals, 
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To  gain  an  idea  of  the  fineness  of  the  grain  of  the  stone,  by  way  of 
comparison,  and  to  be  able  to  express  this  in  one  figure,  th«.'  average  fine- 
ness of  the  sample  is  calculated.  This  is  determined  as  follows :  the  quantity 
of  material  passing  through  each  screen  and  retained  on  the  next  smaller 
is  multiplied  by  the  mesh  of  the  screen  passed  through.  The  results  thus 
obtained  are  totalled,  and  divided  by  100,  the  final  result  being  the 
average  fineness.  In  other  words,  if  all  the  grains  of  the  sample  were 
reduced  to  a  uniform  size,  they  would  just  pass  through  a  screen  whose 
mesh  was  equal  to  the  average  fineness  of  the  sample. 

Hardness  Test. 

The  hardness  or  abrasive  quality  of  the  samples  was  tested  on  a 
Dorry  Hardness  Machine.  Cylinders  1  inch  diameter  were  obtained  by 
means  of  a  diamond  drill,  from  the  sample  blocks  of  sandstone.  One  end 
of  each  cylindrical  test  piece  is  pressed  against  a  horizontally  revolv- 
ing plate,  on  which  is  spread  standard  quartz  sand.  The  core  and  holder 
is  weighted  to  1,250  grams,  and  the  machine  allowed  to  run  for  500 
revolutions.  The  test  piece  is  weighed  before  and  after  the  test  and  the 
figures  given  in  the  table  are  the  number  of  grams  lost  due  to  the  grinding 
action  of  the  quartz  sand. 

Toughness  Test. 

The  strength  of  the  sample  to  resist  sudden  strains,  etc.,  was  tested  by 
impact.      In  this  test,  cylinders  1  inch  diameter  and  1  inch  high  were  cut 


13 

from  thi'  diamond  drill  cores,  and  tested  on  a  Page  Impact  Machine. 
On  this  machine,  the  blow  from  a  two  kiloRram  hjimmer,  dropping  from 
heightf^^  increasing  by  1  centimetre  after  each  blow,  is  fra;i..r'.tte(l  to  the 
test  cylinders  by  a  steel  plunger  having  a  spherical  nt,'  resting  on  the 
cylindfT.  The  height  of  the  last  dn.i)  of  the  han...ui  expressed  in 
centimetres  is  the  figure  taken  as  representing  resistance  to  shock  and  is 
given  in  ll;e  table. 

Microscopic  Examination  for  Structure. 

With  .'.  view  to  studying  the  texltire  and  competition,  e.ich  of  the 
saniftlc^  (if  ihe  various  stones  were  examined  under  a  binocular  niicroscopr 
and  till'  loults  duty  tabul.ited. 

Mi(T(:l)liotographs   were  also  taken  of  the  surf.ices  of  the  cylinders 
after  ti;e  hardness  test. 


RESULTS  OF  TESTS. 

Svente.n  samples  in  all  wen.  examined,  seven  being  imported  pulp 
stones,  and  tin  Canadian  sandstones.  The  localities  from  which  these 
sanii)lr>  were  obtained  were: — 

1.  English  rul[)stone,  Booth  Lumber  Co. 

2.  .American  Pulpstone,  Booth  LumlHr  Co. 

.1.  Hill's  Quarry,  Northwest  Mirami(  hi  river,  N.B. 
4.  The  Miramichi  Quarry  Co.,  Quarryville,  N.B. 
.S.  The  Read  Stone  Co.,  Quarryville,  N.B. 

6.  Torryburn  Sandstone,  near  St.  John,  N.B. 

7.  Smith  Quarry,  Shcdiac,  N.B. 

K.  Sandstone,  Stake  Ro.id  P.O.,  N.S. 
f'.  American  Pulpstone,  E.  B.  Eddy  Co. 

10.  Kead  Stone  Co.,  Stonehaven,  N.B. 

11.  Morristown  Quarry,  Antigonisli,  N.S. 

12.  Dean  Property,  Adamsville,  N.B. 

13.  Higginson  Quarry,  Hawkesbury,  Ont. 

14.  English  Pulpstone,  E.  B.  Eddy  Co. 
'.'>.  English  F'ulpstone,  Laurentide  Co. 

U).  American  Pulpstone,  Laurentide  Co.  (Empire,  Ohio.) 
17.  American  Pulpstone,  Laurentide  Co.  (VV.  Virginia.) 
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The  results  of  the  granulometric  analyses,  cumulative  percentages, 
and  average  fineness  are  given  in  Tables  I  and  II.  From  Table  II,  by 
taking  all  the  results  for  the  imported  stones,  and  obtaining  an  average, 
figures  were  obtained  from  which  the  heavy  curve  in  Fig.  4  was  plotted.' 
This  curve,  therefore,  represents  the  average  cumulative  result  of 
screen  analyses  of  the  seven  imported  samples.  On  the  same  diagram  are 
plotted  the  curves  of  the  ten  Canadian    -mples  for  purposes  of  comparison. 

Tables  III  and  IV  give  the  re-. a.-  o-  la.iinl  bv  the  hardness  and  tough- 
ness tests.  The  average  of  the  r-  m.Iis  of  ihv  mi,.  >  ted  stones  are  in  each 
case  noted  for  purposes  of  compar  -on  Tabic  '    gives  in  tabulated  form 

the  results  of  the  microscopic  exan  ^ruticin  .  i  i!,c  ;.  mples.  Plate  VI  shows 
the  relative  cutting  qualities  of  the  seveiiu c  ^jmplcs. 

CONCLUSIONS. 

In  summing  up  the  results  to  be  drawn  from  the  data  obtained  in  these 
tests  certain  tentative  specifications  can  be  stated  in  a  general  way. 

The  tests  carried  out  gave  remarkably  similar  results  for  all  the  seven 
imported  stones;  so  that  it  may  be  reasonably  assumed  that  a  stone,  giving 
test  results  approximating  to  the  averag,  of  imported  stones,  should  be  a 
likely  stone  from  which  to  make  pulpstones.  It  will  be  seen  by  closely 
studying  the  tables,  and  noting  the  results,  that  several  of  the  Canadian 
samples  compare  very  favourably  with  the  standard  average.  With  a 
little  co-operation  between  tht  owners  of  prc.spective  quarries,  and  con- 
sumers of  pulpstones,  an  industry  in  this  product  could  soon  be  firmly 
established  in  Canada. 

The  results  obtained  in  this  investigation  lead  one  to  believe  that 
there  are  great  possibilities  for  largely  extending  the  piilpstone  industry 
m  C"anada.  v  hich  now  is  only  of  small  proportion.  Little  encouragement 
has  Ijeen  given  the  producers  of  Canadian  stones  by  the  consumer,  and 
when  such  stones  have  been  purchased  sufficient  time  has  not  been  allowed 
to  ensure  securing  stones  which  were  properly  seasoned.  With  proper 
encouragement  and  consideration  from  the  pulpstone  consumers,  the 
pulpstone  industry  should  show  a  marked  improvement  in  the  next  few 
years.  The  tests  already  conducted,  both  in  labatory  and  on  a  commercial 
scale,  tend  to  show  that  pulpstones  having  thereon  the  legend  "Made  in 
Canada"  can  be  placed  on  the  Canadian  and  the  United  States  markets 
with  every  confidence  that  they  will  prove  equal  to  the  best  imported 
stones. 


TO  THE  MANUFACTURER. 

Great  care  should  be  taken  in  the  selection  of  the  blocks  for  pulpstones. 
They  should  be  absolutely  free,  as  far  as  can  be  seen  from  a  careful  examin- 
ation of  the  outside,  from  seams,  cracks,  or  "bulls."  Above  all,  see  to  it 
that  the  finished  stones  are  "seasoned"  under  cover  at  the  quarry,  for  at 
least  a  year,  if  possible,  before  selling;  and  crate  well  for  shipment. 
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TO  THE  CUSTOMER. 

Endeavour  to  purchase  only  seasoned  stones.  And  when  Canadian 
stones  are  purchased,  test  ihem  with  an  open  mind  as  to  how  they  behave 
under  working  conditions;  in  other  words,  give  them  every  chance  to  prove 
their  suitability  by  centering  them  with  extreme  care;  running  them  light, 
until  uniformly  heated,  and  take  all  the  reasonable  precautions  usually 
followed  in  good  practice. 

SUGGESTED  COURSE  FOR  FUTURE  INVESTIGATION. 

The  results  achieved  in  this  investigation  have  shown  the  t,  cdt 
opportunity  there  is  for  valuable  experimentation  in  connexion  with  the 
mechanical  grinding  of  wood  pulp.  The  present  practice  is,  to  use  a  solid 
stone,  of  which,  only  about  14  to  16  inches  of  the  face  is  worn  oflF  in  the 
grinding  process;  the  greater  bulk  of  the  stone  being  then  discarded. 
This  is  manifestly  a  wasteful  method.  The  possibility,  therefore,  of  manu- 
facturing an  artificial  stone  suitable  for  this  work,  seems  to  be  worthy 
of  study.  The  points  to  be  ascertained  in  an  investigation  along  this  line 
would  be  to  obtain  a  cement  sufficiently  hard,  and  capable  of  withstanding 
the  severe  stresses  and  high  temperature  to  which  a  pulpstone  is  subjected. 
If  this  were  accomplished,  the  centre  part  of  the  stone  could  be  made 
permanent,  and  only  the  outer  grinding  surface  would  have  to  be  renewed. 
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M.crophotographs  of  grinding 
fares  of  Canadian  sandstones 
and  imported  pulpstones,  show- 
ing relative  grinding  qualities. 

Magnification:    12  diameters. 

Oblique  refl<cttd  light. 
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MierophoioKraphs  of  grinding 
faces  of  Canadian  sandstones 
and  imported  pulpstunes,  show- 
ing relative  griniling  qualities. 

Magnification :    12  diameters. 

Oblique  reflected  ligJit. 


16 


17 


IT 


INDEX. 


Adam  Hill  quarry,  Cttaih,  N.H.   

ChamlHTx,  A.  R.— Mmplc  furninhH  by 
Coni  luaiunx     

I)f.in,   I".  W.  — Mmlstoni'  property   .  . 

Gr.inulom('tri<    anjjyi.e't 


A 
C 


D 
G 


15 


Id,  I  < 


II 


lliirdncss  test   

II  iwkif,l,iir\  ;  «,imlstonc  quarry  at ...!!.!!!.[.]  | ' 

llu  kt'V,  \  cilrntiiif,  pr()(M'rty ','.'' 

Ilit;Kiii»uii,  J.  (.'.— s.iH(l!>loiic  quarry '.'.'....'.'.'.'..'. 


Introilui  tory 

Indiaiitown  c|uarry. 


M 


M.iritinu-  Proviiires:  aand-itonp  drposits  in. 

Mic  nisi  (ipi(  I'x.imin.ilioii  for  siruclure.  i » 

Miramii  hi  (Jiurry  Co ■ 

Morristown  quarry '  '  [] 


I, 
14 

7 
9 


Ontario;  few  sandstones  suitable 


PiilpgrindlnK:   method  of 

I'ulpstones:    Ciii.idi.in 

„  nil  tlioil  of  nianufarfuring. 

I.  (>roiHTtics  reciuirecl   

.  work  required  of 


Qu« 


)  suitable  sitndstone  found 


O 

P 


Read  Stone  Co . 


Smith  quarry  (Or.  K.  G.  Smith). 

Stonehaven  qu.irries 

Suggestions 


7,8 


I) 

7 
16 


Table 


le     I.  flranulometric  analyses.  ,> 

II.  Cumulative  percentages     ...... ,1 

r      III.   Hardness  test 

n      IV.  Toughness  test 

,.        V.  Micro-rf-opic  examination      

tests:  results  of 

„     to  which  samples  were  subjected 

Torryburn,  N.B.— sandstone  outcrop  

Toughness  test 


Xi 
14 
14 
14 
12 
10 
8 
11,  14 


